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such as depression, can increase an individual’s experience of pain. We
used factor analysis to determine the relationships among symptomatic
and psychosocial variables in a community-based sample with and
without OA.
Methods: We used data from individuals who were both enrolled in
both the Johnston County OA Project and the separately funded Arthritis,
Coping, & Emotion (ACE) study (data collected 1999–2005, n = 2239). This
sample was approximately 1/3 male and African American, with mean
age of 65±11 years, body mass index 30±7kg/m2, and 13±11 years of
education. Half had radiographic OA (deﬁned as a Kellgren-Lawrence
grade ≥2) of at least one hip or knee. Symptomatic data were available
for 9 joint sites: the lower back and bilateral hands, knees, hips, and feet,
and were graded as none, mild, moderate, or severe “on most days.” The 7
validated psychosocial scales used were: the Centers for Epidemiological
Studies Depression Scale (CES-D), Positive and Negative Affect Scale
(PANAS), Rheumatology Attitudes Index (RAI), Social Support, Pain
Catastrophizing Helplessness Subscale, Arthritis Impact Measurement
Scale 2 Tension and Anxiety Subscale (AIMS2), and Life Orientation
Test (LOT). Symptomatic data and the 7 scales were individually factor
analyzed and appropriate composite scores were constructed. Higher
order factor analysis was used to determine the relationships among
these 8 composite scores. Cronbach’s alpha was calculated as a measure
of reliability and internal consistency. Analyses stratiﬁed by gender, race
(African American vs. Caucasian), age (<55, 55–65, 65–75, 75+ years),
body mass index (BMI, <25, 25 to <30, 30+ kg/meter squared), education
(less than, equal to, or more than 12 years) and by radiographic OA
status in the hip or knee were performed to determine any subgroup
differences.
Results: Analysis of each of the individual scales resulted in a single
factor (all alphas >0.79) with the exception of the PANAS, which, as
expected, had 2 factors (alpha 0.90) reﬂecting positive and negative affect
characteristics. Symptoms from 9 joint sites also loaded onto a single
factor (alpha 0.86). Higher order factor analysis using composite scores
for each of these factors produced a single factor with an eigenvalue
of 3.73 (See ﬁgure, due to missing values in individual scales, n = 1332,
loadings 0.40–0.88, alpha 0.84). Dropping each score individually did not
substantially change the alpha. Consistent results (factor loading pattern
and alpha) were obtained when stratiﬁed by gender, race, age, BMI,
education, or OA status.
Figure: Screeplot of higher order factor and table of loadings of each scale
onto this factor. *The eigenvalue represents the amount of information
contained in a factor, while loadings represent the association between
the individual scores and the factor.
Conclusions: This analysis suggests that there is a single latent variable
underlying musculoskeletal symptoms and a variety of psychosocial
variables representing depression, anxiety, optimism, social support, and
helplessness. The results were similar for subgroups of gender, race, age,
BMI, education, and radiographic OA status. Addressing psychosocial
components of the pain experience will be important for successful
treatment in conditions leading to chronic musculoskeletal pain, such as
OA.
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A NOVEL TECHNOLOGY TO DECREASE KNEE PAIN AND JOINT LOAD
IN EARLY-ONSET KNEE OSTEOARTHRITIS
J. Takacs1, J.R. Leiter2,3, J.D. Peeler1,3. 1Dept. of Human Anatomy and Cell
Sci., Univ. of Manitoba, Winnipeg, MB, Canada; 2Dept. of Human Anatomy
and Cell Sci., Dept. of Surgery, Univ. of Manitoba, Winnipeg, MB, Canada;
3Pan Am Clinic, Winnipeg, MB, Canada
Purpose: To examine the effect of un-weighted exercise on knee pain
and knee loading in an overweight early-onset knee osteoarthritis (OA)
population. Research has demonstrated that body weight is the number
one modiﬁable risk factor associated with the onset and progression of
knee OA. However, exercise programs that aim to initiate weight loss and
improve pain and function in knee OA often increase loading on the knee
joint, contributing to exacerbation of symptoms and progression of the
disease. The introduction of a new treadmill that allows the participant to
walk un-weighted (the G-Trainer, Alter-G Inc., Menlo Park CA), utilizes a
technology called Lower Body Positive Pressure (LBPP), and now enables
our research team to study the relationship between body weight, knee
pain and knee loading via knee acceleration during exercise.
Methods: Participants with radiographically-conﬁrmed early-onset knee
OA were recruited to walk on the treadmill for a period of 25 minutes
at a speed of 1.4m/s. Subjects completed two walking sessions (one full
weight-bearing and one un-weighted session), which occurred 1 week
apart and were randomized in order. Subjects also completed two full
weight-bearing walking sessions (at a self-selected speed) on a walkway.
Measures included knee pain (via Visual Analog Scale) and knee joint
acceleration (via tri-axial accelerometry).
Results: Twenty-two overweight/obese patients (mean (SD) age
53.7 (5.9) yrs; mean (SD) BMI 33.6 (6.4) kg/m2) completed the treadmill
and walkway walking sessions. The mean level of un-weighting for
pain relief was 12.3% of body weight. There was a signiﬁcant difference
in knee pain between full weight-bearing treadmill walking and un-
weighted treadmill walking sessions (p < 0.05). Higher levels of un-
weighting during treadmill walking resulted in lower levels of knee
acceleration (p < 0.05). Similar speeds were seen for treadmill walking
and fast walking on the walkway; however knee acceleration was
signiﬁcantly lower during treadmill walking (p < 0.05).
Conclusions: A mean un-weighting of 12.3% of body weight was
sufﬁcient to decrease subjects’ pain while attenuating knee joint
acceleration. This level of weight loss (12% of body weight) is a realistic
value for overweight/obese patients suffering from knee pain due to knee
OA. The LBPP technology used by the G-trainer treadmill may help to
conserve the joint by limiting knee acceleration, while allowing patients
to successfully complete exercise programs targeting weight loss and
improved function. Future research should be directed at establishing
the efﬁcacy of this technology in the treatment of knee OA and other
musculoskeletal disorders of the lower extremity.
Funding was provided by the Canadian Institutes of Health Research and
the Dr. Paul H.T. Thorlakson Foundation Fund.
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PROGNOSIS OF CARTILAGE LOSS BY ANALYZING MAGNETIC
RESONANCE IMAGING OF THE TIBIA TRABECULAR BONE STRUCTURE
J. Marques1,2, E. Dam2. 1Univ. of Copenhagen, Copenhagen, Denmark;
2BiomedIQ S/A, Rødovre, Denmark
Purpose: Degradation of the articular cartilage and overall bone
remodeling are the main effects of Osteoarthritis (OA) progression.
Magnetic resonance imaging (MRI) has helped experts to diagnose OA
by providing methods for quantiﬁcation the multiple components of the
knee joint and detecting early tissue changes. A recent advance in OA
quantiﬁcation is the automatic measurement of the cartilage volume
using MRI scans. We analyzed MRI scans to investigate the feasibility of
predicting the rapid/slow progressors of tibial cartilage loss by a fully
automatic quantiﬁcation of the trabecular tibia bone structure.
Methods: The longitudinal study included 159 subjects from a
community-based, non-treatment study. The data set consisted of 268
knee MRI, after exclusion of scans due to the subjects that dropped out
in the follow-up or to acquisition errors. The population characteristics
were: age 56±16, Body Mass Index 26±4, 47% female, and 19% with
radiographic OA (Kellgren Lawrence grade, KLG > 1). The KLG was
determined from load-bearing radiographs in semi-ﬂexed position using
the SynaFlex (Synarc). MRI scans were acquired using a Turbo 3D T1
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sequence from a 0.18T Esaote scanner (40° FA, TR 50ms, TE 16ms, scan
time 10 minutes, resolution 0.7mm × 0.7mm × 0.8mm).
MRI was performed at baseline and 21 months later to assess cartilage
volume changes over time. The cartilage volume was estimated by a fully
automatic, computer-based process of segmentation.
To quantify the bone structure, initially a voxel classiﬁcation method
determines a region-of-interest (ROI) by segmenting the tibia bone and
from there extracting the trabecular bone. Figure 1 shows the segmented
tibia bone in light gray and the ROI in light green. From the ROI, a generic
set of 534 features is extracted by applying Gaussian derivatives at
multiple scales. The process captures the differential geometry structure
of the local intensities, potentially allowing analysis of the intricate
network of the trabecular bone anatomy.
In the next step, a machine learning approach using cross-validation
applies partial least squares feature extraction to identify the linear
combination of the features that best relate the tibia structure with
the volume cartilage loss. The features extracted are employed to train
the linear discriminant analysis (LDA) classiﬁer. The outcome is the
probability of rapid cartilage volume loss.
Fig. 1.
Fig. 2.
Results: By quantifying the bone structure, the framework predicted
the rapid/slow progressors with odds ratio of 2.38 (p < 0.05). Figure 2
shows the cartilage volume loss separated out by 2 and 3-quantiles of
the bone marker. The median of the subjects classiﬁed as slow and rapid
progressors was 1.6% and 4.4% per year respectively.
Conclusions: The investigation revealed that disease-related bone
structure characteristics were reﬂected in the low-ﬁeld MRI appearance.
Even though the individual trabeculae are not visible, the applied texture
analysis captured tissue changes and demonstrated the possibility
of automatically to predict the cartilage volume loss by analyzing
the tibia trabecular bone structure. In practical terms, the developed
quantiﬁcation can be applied to support experts in selecting patients in
longitudinal studies. The advantages of this approach are the use of low
cost MRI equipments and a fully automatic computer-based framework,
which allows scalability to large, multi-center studies.
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BONE MARROW LESIONS IN KNEE OSTEOARTHRITIS CHANGE IN
6 TO 12 WEEKS
D.T. Felson1, M.J. Callaghan1, M. Parkes1, E.J. Marjanovic1, M. Lunt1,
J.A. Oldham1, A. Gait1, C.E. Hutchinson2. 1Univ. of Manchester, Manchester,
United Kingdom; 2Univ. of Warwick, Warwick, United Kingdom
Purpose: Knee osteoarthritis (OA) is thought to be a slowly evolving
disease with glacial changes in cartilage morphology necessitating
trials of potential treatments lasting 1–2 years with evidence that
over 6 months change in cartilage is not detectable. In contrast to
cartilage, bone has the capacity to respond/adapt rapidly, such as after
fracture. Bone marrow lesions (BMLs) show evidence histologically of
bone damage or microfracture, and are related to malalignment, to pain
and to OA progression. BMLs have been shown to change in volume at
1 year follow-up. In patients for whom braces were given as treatment
at either 6 or 12 weeks after baseline, we tested whether BMLs change
in volume earlier than 1 year, suggesting they may provide evidence of
short term ﬂuctuations of joint damage.
Methods: In 30 patients with painful knee OA all of whom both met ACR
criteria for disease and had BMLs at baseline (11 Male, 19 Female, mean
age 54.8 yrs [SD 7.3], mean BMI 30.7 [SD 6.1]), we obtained baseline, 6
and 12 week knee MRI’s. To assess BML volume, axial PDW FS (TR 1500,
TE 15, FOV 14 cm, 256×256) and sagittal (3D WATSc (TR 20 TE7.7, FOV 15,
288×288) scans were obtained. We manually segmented BML volumes
for the whole knee using a strategy outlined (OARSI 2010) by MacLure et
al, testing repeatability of BML volumes in 5 knees remeasured. Using the
standard deviation of the difference between repeated measurements to
calculate Bland Altman limits of agreement as a gauge of measurement
error, we determined how much BML volume change represented a
change greater than due to chance
Test–retest reliability was high for the ﬁve scans measured repeatedly
(ICC =0.99, P < 0.0001) (mean difference = 108.1mm3, SD=106.7mm3)
The Bland-Altman 95% limits of agreement for rating differences,
assuming a zero-difference mean (no change in BML volume) were
−209.23 to +209.2mm3. To determine the proportion with BML change
greater than limits of agreement, we divided all knees into those with
any increase in BML volume vs. those with any decrease in volume.
Changes in knee BMLs at 6 and 12 weeks
Median (IQR) change in BML
Volume (mm3)
Proportion of knees with change
in BML volume > limits of
agreement
Knees with any INCREASE in
BML volume at 6 weeks
464.27 (107.02 to 685.63) 14/19
Knees with any DECREASE in
BML volume at 6 weeks
−640.05 (−1247.97 to −300.70) 9/11
Knees with any INCREASE in
BML volume at 12 weeks
514.32 (338.54 to 960.28) 14/18
Knees with any DECREASE in
BML Volume at 12 weeks
−738.73(−1497.36 to −103.96) 8/12
Results: In the 30 knees, median BML volume at baseline was
2,200.7mm3 (IQR 540.4mm3 to 4,627.7mm3). All knees showed at least
some change in BML volume by 6 and 12 weeks. As noted in the table, the
median increase from baseline to 6 weeks and from baseline to 12 weeks
was, in most knees, greater than the limits of agreement. For example,
of knees showing any increase in BML volume at 6 weeks, 14/19 (74%)
had changes greater than limits of agreement. For both increase and
decreasing BML’s, over 2/3’s of knees had such changes. Further, of the
30 knees studied, eight had at least 50% change in BML volumes at either
6 or 12 weeks.
Conclusion: Knee BML volumes change in several weeks in >2/3 of
persons with knee OA. To the extent that they could be regarded
as treatment targets, trials testing BML effects could avoid the usual
prolonged structure modiﬁcation trials.
